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Abstract 


A  modal  analysis  was  performed  on  the  heavy  con^osite  hull  (HCH).  The  object  of  this 
experiment  was  to  provide  structural  dynamic  information  to  be  used  to  validate  a  finite  element 
model.  The  experimental  model  was  also  used  to  update  the  finite  elem^t  model,  as  well  as  to 
provide  damping  information. 

This  report  details  the  analysis  performed  on  the  HCH  in  two  configuration.  The  first 
configuration  utilized  excitation  by  four  shakers  placed  at  the  comers  of  the  floca:.  The  second 
configuration  also  utilized  four  shakers,  but  two  were  placed  on  the  roof  in  an  attempt  to  excite 
local  modes. 

The  first  elastic  mode  of  the  HCH  was  observed  at  36.1  Hz  (0.425%  critical  damping). 
Modes  up  to  100  Hz  were  analyzed  for  this  report.  This  report  describes  the  characteristics  of 
the  extracted  modes. 
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1.  Introduction 


A  modal  test  and  analysis  were  performed  on  the  heavy  composite  hull  (HCH)  by  the  Mechanics 
and  Structures  Branch  (MSB)  of  the  U.S.  Army  Research  Laboratory  (ARL).  The  results  of  the 
analysis  will  be  utilized  by  the  Terminal  Effects  Division  (TED)  of  ARL  for  the  validation  of  finite 
element  (FE)  models.  These  models  will  be  used  to  assess  the  vehicle’s  survivability  under 
munitions  blast  effects  and  nonperforating  impact  from  projectiles. 

The  modal  test  was  carried  out  with  the  assistance  of  the  University  of  Cincinnati,  Structural 
Dynamics  Research  Laboratory  (UC/SDRL)  under  contract  to  MSB.  The  UC/SDRL  personnel 
directed  the  modal  test.  UC/SDRL  also  provided  a  significant  portion  of  the  test  instrumentation, 
resulting  in  a  significant  cost  savings  to  the  government.  After  the  conclusion  of  the  test,  UC/SDRL 
performed  a  preliminary  analysis  to  verify  the  data  integrity. 

The  UC/SDRL  report  [i]  and  the  data  integrity  checks,  as  well  as  the  final  data  set,  were 
transferred  to  MSB  for  the  complete  analysis.  This  report  presents  the  results  of  the  complete  modal 
analysis  performed  by  MSB. 

The  HCH  is  the  third  vehicle  on  which  the  MSB  has  performed  a  modal  analysis.  Therefore,  this 
report  does  not  detail  the  general  aspects  of  modal  analysis.  The  reader  is  directed  to  Berman  and 
Li  [2];  Berman  [3];  Braun  [4];  and  Brown,  Allemang,  and  Zimmerman  [5],  which  include  sections 
that  further  explain  the  details  of  modal  analysis. 

This  test  differed  from  the  previous  two  tests  in  that  an  a  priori  analytical  modal  analysis  had 
been  performed  on  the  FE  model.  This  information  provided  insight  into  the  optimal  locations  of 
the  modal  exciters. 
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2.  Modal  Test  Configurations 


2.1  Vehicle  Description.  Unlike  previous  vehicle  tests,  only  a  single  vehicle  configuration  was 
available  for  testing.  That  configuration  consisted  of  the  bare  HCH  (Figure  1).  When  tested,  the  hull 
had  not  been  fitted  with  an  engine/transmission,  turret,  seats,  controls,  or  any  other  component  of 
any  size.  The  vehicle  is  approximately  28ftx  11  ftx6.5ft  and  weighed  approximately  27,000  lb. 
The  hull  can  be  identified  by  POT  no.  4231863. 


Figure  1.  Overall  View  of  HCH. 


2.2  Excitation  and  Data  Acquisition  System.  The  data  acquisition  system  consisted  of  an 
Hewlett-Packard  (HP)  Unix  workstation  running  the  I-DEAS  Test  Software  Suite  coupled  to  a  128- 
channel  HP  3565  series  data  acquisition  front  end.  Four  MB  Dynamics  Modal  50  shakers  were 
utilized  to  excite  the  structure,  and  PCB  model  336  accelerometers  were  used  for  the  response 
measurements.  The  vehicle  was  instrumented  at  approximately  240  response  nodes  in  three 
orthogonal  directions.  Due  to  a  limited  number  of  input  channels,  the  data  acquisition  system  was 
only  patched  into  120  response  node  accelerometers  at  a  time.  This  technique  resulted  in  six 
acquisition  cycles  (three  directions  at  each  of  two  locations). 

The  exciters  are  rated  at  50-lb  force  with  forced  air  cooling  and  25  lb  without.  This  test  did  not 
utilize  forced  air  cooling  of  the  shakers.  Each  shaker  location  was  instrumented  with  a  PCB  force 
transducer,  as  well  as  its  own  accelerometer.  The  set  of  driving  point  transducers  was  measured  for 
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every  data  set  that  was  taken.  In  addition,  these  sets  of  transducers  provided  the  driving  point 
measurements.  A  typical  excitation  location  appears  in  Figure  2,  and  a  typical  response  point 
appears  in  Figure  3.  (The  triax  block  permits  the  sensor  to  be  rotated  so  that  X,  Y  and  Z  responses 
can  be  measured).  The  shaker  was  attached  to  the  vehicle/force  transducer  via  a  narrow  stinger.  The 
stinger  significantly  reduces  moments  that  might  be  transmitted  from  the  shaker  to  the  vehicle  due 
to  small  misalignments. 


Figure  2.  Typical  Response  Point. 


Figure  3.  Typical  Excitation  Location. 


The  frequency  response  functions  (FRFs)  were  computed  using  the  HI  method  of  estimation. 
Burst  random  excitation  was  chosen  to  reduce  leakage  errors.  The  FRFs  were  obtained  for  two 
frequency  ranges  (0-100  Hz  and  100-200  Hz)  with  a  2,048-point  frame  size;  100  averages  were  used 
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to  estimate  the  FRFs.  The  FRF  estimation  was  done  in  two  frequency  ranges  to  increase  the  amount 
of  energy  available  at  each  frequency  range. 

2.3  Test  Setup.  The  vehicle  was  suspended  on  a  set  of  four  Firestone  model  113  Airride 
supports  (the  specifications  are  found  in  Appendix  A).  If  the  frequency  interval  between  the  last 
rigid-body  mode  and  the  first  flexible  mode  is  sufficiently  large,  the  structure  can  be  assumed  to  have 
free-free  boundary  conditions.  The  highest  frequency  rigid-body  mode  of  the  HCH  is  less  than  3  Hz, 
and  the  lowest  frequency  flexible  hull  mode  is  greater  than  30  Hz.  The  ratio  of  10  (30:3)  between 
these  two  modes  is  sufficient  to  neglect  any  interaction  between  the  flexible  modes  and  the  rigid- 
body  modes. 

Two  test  configurations  were  utilized.  Configuration  1  consisted  of  four  shakers  located  at  the 
four  comers  of  the  floor  of  the  hull  (Figure  1).  The  locations  were  chosen  to  excite  the  global  modes 
of  the  chassis.  This  shaker  configuration  has  been  used  on  each  of  the  previous  vehicle  tests  with 
excellent  results.  A  second  shaker  configuration  was  also  tested  based  on  input  from  the  FE 
modeler. 


The  second  shaker  configuration  was  primarily  intended  to  better  excite  the  panel  modes  of  the 
HCH  structure.  This  configuration  also  utilized  four  shakers.  The  two  shakers  exciting  the  left  side 
of  the  floor  remained  there.  The  other  two  shakers  were  suspended  above  the  hull  to  excite  the  roof 
(Figure  4). 

2.4  Modal  Model.  The  node  locations  were  chosen  to  provide  an  adequate  geometric 
description  of  the  mode  shapes;  therefore,  the  response  degrees  of  freedom  (DOFs)  were  evenly 
distributed  throughout  the  hull  and  empty  turret  basket  The  computer  geometry  for  the  modal  model 
appears  in  Figure  5.  This  geometry  will  be  made  available  in  electronic  format  along  with  extracted 
mode  shapes  and  modal  parameters.* 


The  electronic  addendum  can  be  obtained  by  e-mailing  a  request  to  the  author  (mberman@arl.mil). 
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Figure  4.  Roof  Shaker  Suspension 


Figure  5.  Modal  Model  Geometry. 

3.  Modal  Analysis  Results 

3.1  General  Description.  All  parameter  extraction  and  analysis  was  performed  on  an  HP 
workstation  utilizing  SDRC’s  I-DEAS  modal  analysis  software.  All  parameter  extraction  and  mode 
shape  curve-fitting  was  accomplished  using  the  polyreference  curve-fitting  technique. 


Due  to  the  complexity  and  number  of  extracted  mode  shapes,  this  paper  does  not  attempt  to 
describe  each  shape  individually.  Instead,  it  describes  the  generalized  characteristics  of  the  observed 
mode  shapes,  and  printouts  of  the  mode  shape  are  provided  in  Appendices  A  and  B.  In  addition  to 
these  brief  descriptions,  the  mode  shapes  will  be  made  available  electronically  in  conjunction  with 
a  short  Matlab  script  that  will  enable  viewing  and  animating  the  mode  shapes.* 

A  graphical  representation  of  the  modal  assurance  critericai  (MAC)  is  also  presented  for  each 
configuration.  The  MAC  provides  a  measure  of  the  linear  independence  of  one  mode  from  another. 
Mathematically,  it  is  the  scalar  product  of  the  each  mode  shape  with  the  other  mode  shapes.  If  two 
mode  shapes  are  completely  linearly  independent,  the  MAC  between  them  will  have  a  value  of  0; 
if  the  two  mode  shapes  are  linearly  dependent,  the  MAC  will  have  a  value  of  1 .  hi  an  ideal  analysis, 
the  extracted  mode  shapes  are  linearly  independent.  A  MAC  matrix  is  a  convenient  way  of 
displaying  the  MAC  between  two  sets  of  mode  shapes.  If  a  MAC  matrix  is  computed  for  a  set  of 
modes  extracted  from  an  ideal  analysis,  the  diagonal  terms  of  the  matrix  will  have  a  value  of  1.0,  and 
the  off  diagonal  terms  will  have  a  value  of  0.0. 

3.2  Accuracy  and  Certainty.  Unlike  previous  vehicle  tests,  the  HCH  did  not  have  any 
components  added  to  the  basic  hull.  As  a  result,  both  test  configurations  behaved  extremely  linearly. 
The  modal  parameters  and  shapes  could  be  extracted  with  a  high  degree  of  confidence.  The 
estimates  for  the  modal  frequencies  can  be  considered  accurate  within  5%,  and  the  damping 
estimates  can  be  considered  accurate  within  10%  for  most  of  the  frequency  range  in  which 
parameters  have  been  extracted. 

33  Configuration  1:  Four  Shakers  on  Floor.  The  first  configuration  discussed  consists  of  the 
HCH  excited  by  four  shakers  on  the  floor,  one  shaker  at  each  comer  of  the  hull.  The  four  shakers 
were  attached  to  the  hull  on  primary  structural  supports.  The  configuraticai  was  intended  to  excite 
the  global  modes  of  the  HCH.  Although  data  was  acquired  up  to  200  Hz,  modal  parameters  were 
only  extracted  up  to  100  Hz.  The  modal  parameters  above  100  Hz  were  difficult  to  extract  with  the 


*  Please  contact  the  author  via  e>inail  (mberman@arl.mil)  to  obtain  this  addendum. 
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same  certainty  as  the  mcxJes  below  100  Hz.  A  plot  of  the  driving  point  FRF’s  is  shown  in  Figure  6. 
A  graphical  representation  of  the  MAC  matrix  appears  in  Figure  7.  The  first  flexible  mode  occurs 
at  36.4  Hz,  well  above  the  highest  rigid  body  mode.  The  separation  between  the  rigid-body  modes 
and  the  flexible  modes  is  sufficient  to  assume  that  there  is  no  interaction  between  the  modes.  A  list 
of  the  extracted  modal  parameters  appears  in  Table  1, 


IB 

IHH 

PHHIi 

HB 

bhIh 

Figure  6.  Configuration  1  Driving  Point  FRFs. 


Mode  5,  the  first  flexible  mode  of  the  hull  (36.4  Hz)  is  a  global  torsional  mode  (Figure  8a).  This 
is  the  same  characteristic  mode  that  also  appeared  first  in  the  modal  analysis  of  the  Bradley  Fighting 
Vehicle  (BFV)  and  the  Ml  13  Annored  Personnel  Canier  (APC).  The  next  global  mode  of  the  HCH 
is  mode  7  (Figure  8b).  Mode  7  is  clearly  a  global  bending  mode.  The  bending  mode  was  not  readily 
apparent  in  the  other  vehicles*  analysis. 

The  other  modes  extracted  from  the  configuration  1  analysis  are  various  types  and  combinations 
of  local  modes.  Two  typical  local  modes  appear  in  Figure  9.  Mode  6  involves  the  vibration  of  the 


7 


Figure  7.  Configuration  1  MAC  Matrix. 


rear  sections  of  the  floor  and  ceiling.  In  Mode  8,  the  edges  of  the  hull  deck  vibrate  vertically 
resulting  in  motion  of  the  sponson  supports.  The  remainder  of  the  modes  extracted  contain  various 
combinations  of  these  basic  motions — ^in  some  of  the  remaining  modes,  only  the  floor  flexes,  in  other 
modes,  only  the  roof  flexes.  The  electronic  addendum  to  this  paper  effectively  describes  the 
remaining  mode  shapes.  Appendix  B  of  this  paper  contains  a  graphical  representation  of  each 
extracted  mode  shape  for  configuration  1. 

3.4  Configuration  2:  Two  Shakers  on  Roof,  Two  Shakers  on  Floor.  The  second 
configuration  tested  was  also  excited  by  four  shakers.  However,  two  shakers  were  attached  to  the 
roof  and  two  shakers  were  attached  to  the  floor.  Unlike  in  configuration  1,  the  shakers  were 
intentionally  not  placed  on  major  structural  supports.  The  shakers  were  placed  in  an  attempt  to 
excite  local  panel  modes  of  the  HCH.  As  in  configuration  1,  data  was  acquired  to  200  Hz,  but  only 
usable  to  100  Hz.  Table  2  lists  the  extracted  modal  parameters.  Figure  10  is  a  plot  of  the  driving 
point  FRFs.  Figure  1 1  is  a  graphical  representation  of  the  MAC  matrix. 
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Table  1.  Configuration  1  Modal  Parameters 


Mode  No. 

Frequency 

(Hz) 

Damping 
(%  Critical) 

Mode  No. 

Frequency 

(Hz) 

Damping 
(%  Critical) 

1 

1.2 

1.946 

19 

74.9 

0.418 

2 

1.7 

1.981 

20 

75.8 

0.349 

3 

2.2 

0.671 

21 

76.5 

0.369 

4 

2.7 

2.271 

22 

77.3 

0.337 

5 

36.4 

0.425 

23 

79.9 

0.287 

6 

40.9 

0.441 

24 

80.0 

0.327 

7 

43.5 

0.539 

25 

81.7 

0.414 

8 

48.2 

0.728 

26 

81.7 

0.426 

9 

53.9 

0.369 

27 

83.8 

0.431 

10 

55.1 

0.437 

28 

83.8 

0.430 

11 

58.9 

0.442 

29 

85.7 

0,036 

12 

61.4 

0.435 

30 

85.8 

0.477 

13 

62.9 

0.418 

31 

90.0 

0.288 

14 

68.3 

0.619 

32 

91.0 

n  'Ono 

U.JUO 

15 

69.0 

0.289 

33 

92.7 

0.516 

16 

70.1 

0.612 

34 

94.0 

0.321 

17 

70.9 

0.638 

35 

95.2 

0.663 

18 

72.6 

0.767 

BBMi 

— 

— 

Almost  all  of  the  modes  extracted  from  configuration  2  were  also  extracted  from  configuration  1 . 
Mode  3,  configuration  2  does  not  appear  to  have  a  counterpart  in  configuration  1.  However, 
examination  of  the  configuration  2  MAC,  reveals  a  high  value  between  modes  2  and  3.  The  high 
MAC  value  indicates  that  these  two  mode  shapes  are  linearly  dependent  upon  one  another  and  are 
likely  to  be  the  same  mode.  A  few  additional  modes  above  95  Hz  could  be  extracted  from  the 
configuration  2  measurements. 
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Figure  8.  HCH  Global  Flexible  Modes  From  Configuration  1. 


Figure  9.  Local  Modes  of  Configuration  1. 


Table  2.  Configuration  2  Modal  Parameters 


Mode  No. 

Frequency 

Damping 
(%  Critical) 

Mode  No. 

Frequency 

(Hz) 

Damping 
(%  Critical) 

1 

_  _ 

1.6 

0.184 

19 

75.7 

0.337 

2 

40.9 

0.584 

20 

76.4 

0.395 

3 

40.9 

0.446 

21 

77.2 

0.392 

4 

42.7 

0.027 

22 

79.8 

0.299 

5 

43.5 

0.535 

23 

81.7 

0.435 

6 

48.2 

0.768 

24 

83.7 

0.429 

7 

53.9 

0.350 

25 

85.7 

0.030 

8 

54,0 

0.400 

26 

85.8 

0.489 

9 

55.1 

0.437 

27 

90.1 

0.459 

10 

58.9 

0.414 

28 

90.9 

0.317 

11 

61.4 

0.435 

29 

92.8 

0.498 

12 

62.9 

0.418 

30 

93.8 

0.315 

13 

68.3 

0.590 

31 

95.4 

0.532 

14 

69.0 

0.295 

32 

98.2 

0.308 

15 

70.0 

0.590 

33 

98.6 

0.387 

16 

70.9 

0.708 

34 

98.6 

0.226 

17 

72.6 

0.634 

35 

99.1 

0.041 

18 

74.9 

0.411 

— 

— 

4.  Conclusions 

4.1  Comparison  Between  Shaker  Configurations.  The  mode  shapes  extracted  from 
configurations  1  and  2  were  extremely  similar.  The  primary  difference  between  the  two  analyses 
was  that  configuration  2  was  unable  to  excite  the  global  torsional  mode.  Figure  12  is  the 
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Figure  10.  Configuration  2  Driving  Point  FRFs. 

representation  of  the  MAC  matrix  between  configurations  1  and  2.  Examination  of  this  plot  reveals 
that  configuration  2  provided  little  additional  information  to  the  configuration  1  analysis. 

4.2  Summary.  The  modal  parameters  that  were  extracted  from  the  HCH  provide  an 
experimental  measure  of  its  dynamic  properties.  This  information  can  be  used  to  refine  and  validate 
an  FE  model.  In  addition,  the  damping  parameters  extracted  from  this  analysis  can  be  incorporated 
into  an  FE  model,  thus  enhancing  the  model’s  accuracy.  The  latter  is  extremely  important  since  an 
FE  technique  cannot  predict  modal  damping. 

The  trends  obtained  Irom  this  modal  analysis  are  similar  to  the  results  from  previously  tested 
vehicles.  The  first  mode  in  each  of  these  structure  is  a  global  torsional  hull  mode.  This  occurs  at 
approximately  40  Hz  in  each  tested  vehicle  and  hull.  Although  the  HCH  is  significantly  larger  than 
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Figure  11.  Configuration  2  MAC  Matrix. 

either  vehicle  previously  tested,  it  exhibited  very  similar  dynamic  properties.  Hie  similarity  probably 
exists  as  a  result  of  similar  mass  to  stiffness  ratio  for  the  vehicles. 
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Appendix  C: 

Heavy  Composite  Hull  (HCH)  Configuration  2  Mode  Shapes 


59 


Intentionally  left  blank. 


60 


.•HCH_CQNF2_V2/1. 63502 


61 


Figure  C-l.  V2/1.63502. 


63 


:  HCH_C0NF2_V2/42. 68612 


64 


Figure  C-4.  V2/42.68612. 


S60e’£t’/2A  SdNOO  H3H : 


65 


9IIZ6Te/ZA  2dN03  H3H : 


67 


Figure  C-7.  V2/53.92116. 


10: HCH_CGNF2_V2/58, 91231 


70 


Figure  C-IO.  V2/58.91Z31. 


1 1 : HCH_C0NF2_V2/6 1.41141 


71 


Figure  C-ll.  V2/i6141141. 


12: HCH_C0NF2_V2/62.  88946 


15: HCH_C0NF2_V2/P0. 00252 


75 


16:HCH_C0NF2_V2/P0.  91P’92 


77 


Figure  C-17.  V2n2.56955. 


18:  HCH_CDNF2_V2/?’4. 86^8 


78 


80 


Figure  C-20.  V2/76.37132. 


2 1 :  HCH_C0NF2_V2/PP . 23862 


81 


Figure  C-21.  V2/77.23862. 


83 


_V2/83.6P 


84 


Figure  C-24.  V2/83.67126. 


F2_V2/85.P333 


26:  HCH_C0NF2_V2/85. P9081 


2P:HCH_C0NF2_V2/90. 12614 


87 


Figure  C-27.  V2/90.12614. 


_C0NF2 


_C0NF2_V2/9 


90 


Figure  C-30.  V2/93.83505. 


91 


32:HCH_C0NF2_V2/98.  16214 


92 


_V2/98.6289 


94 


Figure  C-34.  V2/98.62891. 


Intentionally  left  blank. 


96 


NO.  OF 

COPIES  ORGANIZATION 

2  DEFENSE  TECHNICAL 
INFORMATION  CENTER 
DTIC  DDA 

8725  JOHN  J  KINGMAN  RD 
STE  0944 

FT  BELVOm  VA  22060-6218 

1  HQDA 

DAMO  FDQ 
DENNIS  SCHMIDT 
400  ARMY  PENTAGON 
WASHINGTON  DC  20310-0460 

1  DPTY  ASSIST  SCY  FOR  R&T 

SARDTT  F  MILTON 
RM  3EA79  THE  PENTAGON 
WASHINGTON  DC  20310-0103 

1  OSD 

OUSD(A&T)/ODDDR&E(R) 

JLUPO 

THE  PENTAGON 
WASHINGTON  DC  20301-7100 

1  CECOM 

SP  &  TRRSTRL  COMMCTN  DIV 

AMSELRDSTMCM 

HSOICHER 

FT  MONMOUTH  NJ  07703-5203 

1  PRIN  DPTY  FOR  TCHNLGY  HQ 
US  ARMYMATCOM 
AMCDCGT 
MFISETTE 

5001  EISENHOWER  AVE 
ALEXANDIOA  VA  22333-0001 

1  PRIN  DPTY  FOR  ACQUSTN  HQS 
US  ARMY  MATCOM 
AMCDCGA 
D  ADAMS 

5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 

1  DPTY  CG  FOR  RDE  HQS 
US  ARMY  MATCOM 
AMCRD 

BG  BEAUCHAMP 

5001  EISENHOWER  AVE 

ALEXANDRIA  VA  22333-0001 


NO.  OF 

COPIES  ORGANIZATION 

1  INST  FOR  ADVNCD  TCHNLGY 

THE  UNIV  OF  TEXAS  AT  AUSTIN 
PO  BOX  202797 
AUSTIN  TX  78720-2797 

1  USAASA 

MOASAI  WPARRON 
9325  GUNSTON  RD  STE  N319 
FT  BELVOIR  VA  22060-5582 

1  CECOM 

PM  GPS  COLS  YOUNG 
FT  MONMOUTH  NJ  07703 

1  GPS  JOINT  PROG  OFC  DIR 
COL J  CLAY 

2435  VELA  WAY  STE  1613 
LOS  ANGELES  AFB  CA  90245-5500 

1  ELECTRONIC  SYS  DIV  DIR 
CECOM  RDEC 
JNIEMELA 

FT  MONMOUTH  NJ  07703 

3  DARPA 
L STOTTS 
JPENNELLA 
BKASPAR 
3701  N  FAIRFAX  DR 
ARLINGTON  VA  22203-1714 

1  USAF  SMC/CED 
DMA/JPO 
MISON 

2435  VELA  WAY  STE  1613 
LOS  ANGELES  AFB  CA 
90245-5500 

1  US  MILITARY  ACADEMY 

MATH  SCI  CTR  OF  EXCELLENCE 
DEPT  OF  MATHEMATICAL  SCI 
MDN  A  MAJ  DON  ENGEN 
THAYER  HALL 
WEST  POINT  NY  10996-1786 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRLCS  ALTP 
2800  POWDER  MILL  RD 
ADELPHIMD  20783-1145 


97 


NO.  OF 

CQPffig  ORGANIZATION 

1  DIRECTOR 

US  ARlSlY  RESEARCH  LAB 
AMSRLCS  ALTA 
2800  POWDER  MILL  RD 
ADELPHI MD  20783-1 145 

3  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRLCILL 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 

4  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRLWMMB 
MORRIS  BERMAN 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1 145 


ABERDEEN  PROVING  GROUND 

4  DIR  USARL 

AMSRLCILP(305) 

1  DIR  USARL 
AMSRLWMMB 
B  BURNS 


REPORT  DOCUMENTATION  PAGE 


Fom  Approved 
(MB  No.  0704-0188 


1.  AGENCY  USE  ONLY  (Ltavo  blani^ 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  DATE 
February  1998 


3.  REPORT  TYPE  AND  DATES  COVERED 


July  1994  -  June  1995 


6.  FUNDING  NUMBERS 


Modal  Analysis  of  the  Prototype  Heavy  Composite  Hull  (HCH) 


6.  AUTHOR(S) 


WCD206  AH80  PE  62618 


Morris  Berman 


7.  PERFORMING  ORGANIZATION  NAME(S}  AND  ADDRESS(ES) 

U.S.  Army  Research  Laboratory 

ATTN:  AMSRL-WM-MB 

Aberdeen  Proving  Ground,  MD  21005-5066 


S.  SPONSORINQ/MONITORING  AGENCY  NAMEStS)  AND  ADDRESS(ES) 


&  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


ARL-MR-387 


lO^PONSORINGA/IONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION/AVAILABIUTY  STATEMENT 


12b.  DISTRIBUTION  CODE 


Approved  for  public  release;  distribution  is  unlimited. 


13.  ABSTRACT  (Maxlmi/m  200  words) 

A  modal  analysis  was  performed  on  the  heavy  composite  hull  (HCH).  The  object  of  this  experiment  was  to  provide 
structural  dynamic  information  to  be  used  to  validate  a  finite  element  model.  The  experimental  model  was  also  used  to 
update  the  finite  element  model,  as  well  as  to  provide  damping  information. 

This  report  details  the  analysis  performed  on  the  HCH  in  two  configuration.  The  first  configuration  utilized  excitation 
by  four  shakers  placed  at  the  comers  of  the  floor.  The  second  configuration  also  utilized  four  shakers,  but  two  were 
placed  on  the  roof  in  an  attempt  to  excite  local  modes. 

The  first  elastic  mode  of  the  HCH  was  observed  at  36.1  Hz  (0.425%  critical  damping).  Modes  up  to  100  Hz  were  i 
analyzed  for  this  report  This  report  describes  the  characteristics  of  the  extracted  modes. 


14.  SUBJECT  TERMS 

modal  analysis,  vibration,  structural  dynamics 

17.  SECURITY  CLASSinCATION  |pf8.^ECURn‘Y  CLASSIHCATION 
OF  REPORT  OF  THIS  PAGE 

UNCLASSIFIED  UNCLASSIFIED 

NSN  754(W)1-280-55(K) 


15.  NUMBER  OF  PAGES 

101 _ 

16.  PRICE  CODE 

Is.  SECURITY  CLASSinCATION  20.  UMITATION  OF  ABSTRACT 
OF  ABSTRACT 

UNCLASSIFIED  UL _ 

Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  239-1 8  298-102 


Intentionally  left  blank. 


100 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your  comments/answers 
to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  ARL  Report  Number/ Author  ARL-MR-387  (Berman^ _ Date  of  Report  February  1998 _ 

2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for  which  the  report  will 

be  used.) _ _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of  ideas,  etc.) 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved,  operating  costs 
avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate  changes  to  organization, 
technical  content,  format,  etc.) _ _ _  . 


Organization 

CURRENT  Name  E-mail  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 

City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address  above  and  the  Old 
or  Incorrect  address  below. 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 

(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


DEPARTMENT  OF  THE  ARMY 


OFRCtAL  BUSINESS 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO  0001  ,APG,MD 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN  AMSRLWMMB 

ABERDEEN  PROVING  GROUND  MD  21005-5069 


